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A B S T R A C T

Objectives: To describe the humoral immune feature of patients with coronavirus disease 2019 (COVID-19).
Methods: The levels of total immunoglobulins (IgG, IgM, IgA, and IgE), complement (C3, C4) results were ret-
rospectively analyzed in COVID-19 patients. Univariable and multivariable logistic regression were performed to
explore the risk factors associated with the in-hospital death.
Result: A total of 236 patients were enrolled in this study, of which 169 were transferred to another institution or
discharged (survival group) and 67 died in hospital (non-survival group). Compared with survivors, the levels of
IgA and IgE in non-survivors increased significantly, and level of complement C3 decreased. Non-survivors also
showed higher incidence of chest tightness, breath shortness and dyspnoea; higher levels of inflammatory in-
dicators, leukocytes and neutrophils; and low levels of lymphocyte subsets. Multivariable regression showed
increasing odds of in-hospital death associated with older age (HR: 1.099; 95%CI: 1.057–1.143; p < 0.0001), d-
dimer greater (HR: 1.294; 95%CI: 1.138–1.473; p < 0.0001) and decreased complement C3 level (HR: 0.073;
95%CI: 0.007–0.722; p= 0.025) on admission. Finally, in survival COVID-19 patients whose humoral immunity
was re-examined, C3 levels tended to increase, while in non-survivors it decreased.
Conclusion: Low level of complement C3 may be an alert to the admitted COVID-19 patients with additional
management. Inhibition of the complement pathway might be an effective therapeutic to COVID-19 patients.

1. Introduction

During December 2019, several unknown pneumonia cases were
reported in Wuhan, China. The numbers of infected patients in China
increased rapidly and spread from Wuhan to other countries. Currently,
the outbreak of coronavirus disease 2019 (COVID-19) caused by novel
coronavirus (SARS-CoV-2) has attracted considerable attention world-
wide.

Humoral immune response serves as a substantial role in COVID-19
development and the complement system is one of the most important
components of humoral immunity [1,2]. However, the role of the
complement system in COVID-19 is considered controversial. One
study, published by Delanghe et al. demonstrated that C3 poly-
morphism was an important determinant of COVID-19 mortality [3].
Conversely, Zhang et al. showed that complement C3 cannot predict
disease progression [4]. Moreover, in another retrospective study con-
ducted in Qin et al., they reviewed 286 severe patients and 166 mild

patients, and results showed that no significant differences were found
in the levels of complement C3 or C4 between the non-severe and se-
vere groups [5].

Collectively, the discrepancies in the results of these studies reveal
that complement system, complement C3 in particular, to the prognosis
of COVID-19 is largely unclear. Thus, we attempt to elucidate whether
the humoral immune alteration has relevance with COVID-19.

2. Methods and materials

2.1. Study design and participants

This single-center retrospective observational study was conducted
at Renmin Hospital of Wuhan University, which was designated as the
hospital for COVID-19 patients. This study included consecutive 236
COVID-19 patients who died or were discharged/transferred from
January 31, 2020 to February 20. All patients were confirmed by
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detecting SARS-CoV-2 RNA in throat swab samples using a nucleic acid
detection kit. The exclusion criteria were as follows: 1) age less than
18 years old; 2) individuals with autoimmune diseases, such as systemic
lupus erythematosus, autoimmune liver disease, Sjogren syndrome; 3) a
deficiency of clinical data. This study was approved by the Ethics
Committee of Renmin Hospital of Wuhan University. An informed
consent was obtained from all patients in a written form.

2.2. Data collection

Based on available medical records, we retrospectively evaluated
demographic data (age and gender), clinical data (comorbidities, signs
and symptoms on admission), and laboratory results, including humoral
immune function (serum IgG, IgM, IgA, IgE, C3, and C4), routine blood
tests, procalcitonin (PCT), C-reactive protein (CRP), coagulation func-
tion and liver function. Criteria for discharge were the absence of fever
for at least 3 consecutive days, significant improvement in both lungs
on chest computed tomography (CT) scan, clinical relief of respiratory
symptoms, and two consecutive negative results for nucleic acid test
(interval > 24 h) [6]. The standard for transfer was that the patients
whose condition became stable but had not reached the discharge cri-
teria yet. The referrals were sent to mild-novel coronavirus pneumonia
square cabin hospital designated by the government.

2.3. Humoral immune detection

The collected blood samples were sent to the laboratory of our
hospital, and the plasma was separated within 2 h and tested within
24 h. The nephelometry (BN™ II System, Siemens, Germany) was used
to detect the levels of immunoglobulins such as IgA, IgG, IgM and the
levels of complement C3 and C4. Furthermore, C3c was the final sta-
bilized product of C3 in the liquid phase and the antibodies against C3c
was used in the laboratory of our hospital. The standardized method for
complement C3 determination follows traceability. Finally, several
patients re-examined the humoral immunity after one-week interval.

2.4. Statistical analysis

Categorical variables were presented as n (%) and compared by a χ2
test or Fisher’s exact test. Continuous measurements were presented as
mean (with standard deviations, SD) if they were normally distributed
or median and interquartile range (IQR) if they were not. For non-
normally distributed variables, we used the Mann–Whitney U test to
compare differences between survivors and non-survivors. To explore
the risk factors for humoral immunity-related associated with in-hos-
pital death, univariable and multivariable logistic regression models
were used.

Previous studies have shown older age [7,8] and greater d-dimer
[9–11] to be common in critically ill or fatal cases [12,13]. In a large
study in France involving 1000 participants, it was demonstrated that
age and gender were as important determinants of humoral immunity
[14]. Therefore, we chose age, gender, d-dimer, and also including
humoral immune indicators which were meaningful in univariate
analysis, as the final variables for our multivariable logistic regression
model.

3. Results

3.1. Presenting characteristics

770 adult patients were hospitalized in Renmin Hospital of Wuhan
University before February 20, 2020. After excluding 467 patients who
were still hospitalized or suspected, 61 patients without available key
humoral immune parameters, 5 patients with autoimmune diseases,
and a 16-year-old adolescent patient, a total of 236 inpatients were
included for further analysis.

The results showed that 67 patients died during hospitalization and
169 were discharged. The median age of the 236 patients was 57 years
(IQR 44–69; range 18–98 years), and more than half of the patients
were female (52%), while most of non-survivors were male (63%).
Hypertension (25%) was the most common comorbidity, followed by
diabetes (12%) and cardiovascular disease (11%). The most common
symptoms on admission were fever (194 [82%]), cough (133 [56%]),
fatigue (81 [34%]), followed by expectoration or shortness of breath
(60 [25%]) and chest tightness (51 [22%]). Less common symptoms
were dyspnoea, nausea or vomiting, diarrhea, dizziness or headache,
and disturbance of consciousness. Compared with survivors, non-sur-
vivors were significantly older (median age, 72 years [IQR, 66–79] vs
51 years [IQR, 40–63]; p < 0.0001) with mainly chief complaints with
dyspnea, chest tightness, shortness of breath, and disturbance of con-
sciousness, and were more likely to have underlying comorbidities,
including hypertension (35 [52%] vs 25 [15%], diabetes (15 [22%] vs
13 [8%]), cardiovascular disease (18 [27%] vs 9 [5%]), and respiratory
system disease (10 [15%] vs 2 [1%]). Non-survivors also showed sig-
nificant differences in laboratory findings, including higher white blood
cell and neutrophil counts, as well as higher levels of procalcitonin,
CRP, coagulation function indices (PT, APTT, and D-dimer), aspartate
aminotransferase, and total bilirubin. Lymphocyte counts and eosino-
phil counts on admission were lower in non-survivors (median lym-
phocyte counts 0.6 × 109/L [IQR 0.4–0.9]; median eosinophil counts
0 × 109/L [0–0]) than survivors (median lymphocyte counts
1.2 × 109/L [1.0–1.6], p < 0.0001; eosinophil counts 0.03 mg/L
[0–0.09], p < 0.0001) (Table 1).

3.2. Humoral immune features

Compared to survivors, non-survivors had a significant increase of
IgA (p < 0.0001) and IgE levels (p = 0.007) and a lower level of
complement C3 (p = 0.027) (Fig. 1a). In the univariable analysis, IgA
(HR: 1.701; 95% CI: 1.301–2.224; p < 0.0001) level was significantly
associated with higher odds of in-hospital death, while complement C3
(HR: 0.143; 95% CI: 0.035–0.581; p= 0.007) level was associated with
lower odds of death. No significant difference was observed in IgE le-
vels (HR: 1.001; 95% CI: 0.999–1.002; p= 0.279). Then, multivariable
regression analysis showed that only lower complement C3 (HR: 0.073;
95% CI: 0.007–0.722; p = 0.025), older age (HR: 1.099; 95% CI:
1.057–1.143; p < 0.0001) and higher d-dimer (HR: 1.294; 95% CI:
1.138–1.473; p < 0.0001) were correlated with increased odds of
death (Table 2).

3.3. Dynamic changes of IgA and C3 levels during hospitalization

Furthermore, a total of 22 patients had re-examination of humoral
immunity function during hospitalization, of which 11 in the non-sur-
vivors and 11 in the survival. In the survivors, the IgA (p= 0.027) and
the C3 (p= 0.024) level changes tended to increase (Fig. 1b, c); and in
the non-survivors, the C3 level changes tended to decrease (p= 0.012),
while there was no difference in IgA levels changes during observation
before they died (p = 0.594) (Fig. 1d, e).

4. Discussion

In this study, we observed that 63% of patients were older male
with higher d-dimer at the time of admission in non-survivors. Our
findings were consistent with other studies: the older age and higher d-
dimer were potential risk factors in the context of progressive, critically
ill or fatal cases [12,13]. In addition, we reported that dysregulated
humoral immune system in a cohort of 236 patients with laboratory
confirmed COVID-19 in Wuhan, China. Compared to survivors, non-
survivors had a significant increase of IgA and IgE levels, and a decrease
of complement C3 levels, but no significant change in the IgG, IgM and
complement C4. Furthermore, there was a significance tendency for the
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survival patients to rise in IgA and complement C3 levels, and for the
non-survival patients to have a further decrease in C3 level. Collec-
tively, these data suggested that COVID-19 damaged the humoral im-
mune.

As with severe acute respiratory syndrome coronavirus (SARS-CoV)
and middle east respiratory syndrome coronavirus (MERS-CoV),
COVID-19 also led to a range of disease from asymptomatic cases to
severe acute respiratory distress syndrome (ARDS) and respiratory
failure [7,15]. Moreover, complement activation formed the basis of the
pathophysiology in many lung diseases, such as asthma and ARDS [16].
Complement activation occurred via three different pathways: the
classical, lectin and alternate pathways, converging on C3, the central
component of the complement system [17]. Stoermer et al. highlighted
that they identified critical roles for the complement system in the
pathogenesis of viral infection [18]. Gralinski et al. observed that SARS-
CoV-infected C3-deficient mice exhibited less weight loss, respiratory
dysfunction, and reduced lung pathology as well as complement de-
position in the lungs of SARS-CoV infected mice. Their results suggested
that complement activation resulted in immune-mediated damage to
the lung [19]. Although complement activation has been proved to be
related to the pathophysiology of ARDS caused by coronavirus, there
are few clinical data available on the role of complement activation in
the development of SARS-CoV-2-associated ARDS.

To our knowledge, it is a first COVID-19 case series that lower level
of complement C3 on admission or a progressive decline during

hospitalization predicted a worse prognosis. Complement activation
products, C3a and C5a, interacted with their receptors C3aR and C5aR/
C5L2, resulting in the recruitment of polymorphonuclear neutrophils
(PMNs) and macrophages. Then, PMN and macrophages were activated
and released inflammatory mediators, such as reactive oxygen species,
cytokines/chemokines, myeloperoxidase and elastase. These further
contributed to enhanced vascular permeability, smooth muscle con-
traction and tissue injury [16]. In the biopsy samples at autopsy from
patients who died of COVID-19, histological examination revealed bi-
lateral diffuse alveolar damage. And a large number of sticky secretions
overflowed from the alveolar section, suggesting that COVID-19 may
cause alveolar damage, including edema, proteinaceous exudate, focal
reactive hyperplasia of pneumocytes with patchy inflammatory cellular
infiltration, and multinucleated giant cells [20–22]. It was also reported
from an autopsy examination that type II alveolar epithelial cells pro-
liferated obviously, with some cells exfoliated. The alveolar septum was
hyperemic, edema, with clear intravascular thrombosis. Focal mono-
cytes, lymphocytes and plasma cells infiltrated the lung interstitium
and secreted large amounts of pro-inflammatory factors [23]. This was
manifested in the macroscopically as the secretion of sticky substances
in the lung, while microscopically, it caused a “cytokine storm” in the
body. Overall, the alveolar damage in patients with severe COVID-19
appeared to result from a “cytokine storm”, in which high levels of
inflammatory cytokines were secreted. Similar results were also re-
vealed in our study that increased levels of inflammatory indicators

Table 1
Demographic, clinical, and laboratory findings of survival and non-survival COVID-19 patients on admission.

Total (n = 236) Non-survivor (n = 67) Survivor (n = 169) p value

Demographic and clinical characteristics
Age, years 57 (44–69) 72 (66–79) 51 (40–63) < 0.0001
Sex 0.004
Male 113 (48%) 42 (63%) 71 (42%) ..
Female 123 (52%) 25 (37%) 98 (58%) ..
Comorbidities 93 (39%) 48 (72%) 45(27%) < 0.0001
Hypertension 60 (25%) 35 (52%) 25 (15%) < 0.0001
Diabetes 28 (12%) 15 (22%) 13 (8%) 0.002
Cardiovascular disease 27 (11%) 18 (27%) 9 (5%) < 0.0001
Cerebrovascular disease 8 (3%) 5 (7%) 3 (2%) 0.075
Respiratory system disease 12 (5%) 10 (15%) 2 (1%) < 0.0001
Malignancy 11 (5%) 6 (9%) 5 (3%) 0.10
Chronic liver disease 5 (2%) 1 (1%) 4 (2%) 1.0
Signs and symptoms at admission
Fever 194 (82%) 57 (85%) 137 (81%) 0.47
Cough 133 (56%) 38 (57%) 95 (56%) 0.94
Fatigue 81 (34%) 27 (40%) 54 (32%) 0.22
Expectoration 60 (25%) 22 (33%) 38 (22%) 0.10
Shortness of breath 60 (25%) 27 (40%) 33 (20%) 0.001
Chest tightness 51 (22%) 22 (33%) 29 (17%) 0.008
Dyspnoea 35 (15%) 19 (28%) 16 (9%) < 0.0001
Diarrhea 31 (13%) 9 (13%) 22 (13%) 0.93
Dizziness or headache 22 (9%) 5 (7%) 17 (10%) 0.54
Sore throat 18 (8%) 2 (3%) 16 (9%) 0.091
Myalgia 17 (7%) 2 (3%) 15 (9%) 0.19
Nausea or vomiting 14 (6%) 4(6%) 10 (6%) 1.0
Disturbance of consciousness 7 (3%) 6 (9%) 1 (0.6%) 0.003
Laboratory findings
White blood cell count, × 109/L 5.5 (4.2–7.7) 8.2 (5.5–12.3) 5.0 (3.9–6.5) < 0.0001
Neutrophil count, × 109/L 3.8 (2.5–6.1) 7.3 (4.5–11.3) 3.0 (2.3–4.4) < 0.0001
Lymphocyte count, × 109/L 1.1 (0.8–1.5) 0.6 (0.4–0.9) 1.2 (1.0–1.6) < 0.0001
Monocyte count, × 109/L 0.4 (0.3–0.6) 0.4 (0.2–0.5) 0.5 (0.3–0.6) < 0.0001
Eosinophil count, × 109/L 0.01 (0–0.06) 0 (0–0) 0.03 (0–0.09) < 0.0001
Basophil count, × 109/L 0.01 (0.01–0.03) 0.01 (0.01–0.02) 0.02 (0.01–0.03) 0.021
Procalcitonin, ng/mL 0.05 (0.03–0.13) 0.23 (0.10–0.59) 0.04 (0.03–0.06) < 0.0001
C-reactive protein, mg/L 29 (5–73) 92 (59–167) 10 (5–35) < 0.0001
Prothrombin time, s 12.0 (11.4–12.7) 12.8 (12.1–13.8) 11.9 (11.2–12.3) < 0.0001
Activated partial thromboplastin time, s 27.8 (25.9–30.5) 28.8 (27.0–32.5) 27.5 (25.1–29.6) 0.001
D-dimer, mg/L 0.73 (0.37–2.92) 4.67 (1.15–17.16) 0.47 (0.29–1.09) < 0.0001
Alanine aminotransferase, U/L 25 (17–43) 25 (20–46) 25 (16–43) 0.256
Aspartate aminotransferase, U/L 28 (20–44) 45 (28–63) 24 (19–36) < 0.0001
Total bilirubin, mmol/L 10.6 (8.0–15.5) 14.3 (9.8–20.2) 9.8 (7.5–14.2) < 0.0001
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were found in non-survival COVID-19 patients, including leukocytes,
neutrophils, monocytes, CRP and PCT. Therefore, the activation of
complement may be involved in the injury of COVID-19 alveoli [24].
However, it still needs to be further studied whether the lower C3 level
in the early stage of COVID-19, the more severe the alveolar damage of
COVID-19.

Interestingly, recent autopsy also detected widespread complement
activation in the lung of patients whom died from COVID-19, char-
acterized by C3a generation and C3-debris deposition [25]. Five cases
described by Cynthia et al. were severe COVID-19 patients. Their his-
tologic findings were consistent with emerging observations, suggesting
that COVID-19 patients showed extensive deposition of complement
components within the lung septal microvasculature [26]. Meanwhile,
they also found that alternative pathway and lectin pathway of

complement activation were associated with microvascular injury and
thrombosis in the pathogenesis of severe COVID-19 infection [26].
Another study further demonstrated that alternative pathway could
explain many clinical manifestations of COVID-19 and addition of
factor H protein could alleviate complement attack [27]. Therefore,
lack of factor H or activation of alternative pathways might be the
primary cause of C3 depletion in severe COVID-19 patients.

It had been shown that C3 activation was related to a series of in-
flammatory and pro-inflammatory pathways in SARS-CoV infection
[28], and treatment with the compstatin-based C3 inhibitor AMY-101
was safe in a patient with COVID-19 [29]. Compared with C5 inhibitors
function by inhibiting downstream complement effectors, such as C5a/
C5aR1, C3 inhibitors could offer a broader therapeutic coverage
through the control of the upstream of pro-inflammatory innate

Fig. 1. (a) Comparison of humoral immune (immunoglobulins and complement) between COVID-19 survivors and non-survivors. (b, c) Dynamic profile of im-
munoglobulins A (IgA) and complement C3 levels in the COVID-19 survivors. (d, e) Dynamic profile of IgA and complement C3 levels in the COVID-19 non-survivors.
The dotted line in the figure represents the normal range of complement C3 and IgA. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; ns, not
significant.
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immune circuits [28,29]. Taken together, the role of complement in the
pathogenesis of COVID-19 diseases have been increasingly recognized.
Complement inhibitors have broad prospects as part of a new combi-
nation therapy for the treatment of COVID-19. However, the time
window for optimal intervention and the patient populations who can
benefit from therapeutic complement inhibition has not yet been de-
termined.

In addition to the older age, higher level of d-dimer, we found that a
progressive decreased of complement C3 level during treatment might
be a promising novel marker for the prognosis of COVID-19.
Furthermore, a similar research reported by Delanghe et al. found that
C3 polymorphism was a significant determinant for COVID-19 mor-
tality [3]. The observed variation of concentration in our study might
be due to variation in C3 phenotype. Although measuring the con-
centration of C3 rather than C3-related phenotype is widely favored in
practical applications, we cannot ignore the role of C3 polymorphism in
COVID-19 patients.

Moreover, our data indicated that IgA level was significantly in-
creased in the non-survival COVID-19 patients. Compared to non-severe
COVID-19 patients, Yu et al. recently found that the relative IgA level
was markedly higher in severe COVID-19 patients [30]. Their subgroup
analysis further indicated a significant positive association of SARS-
CoV-2 specific IgA level and the APACHE-II score in critically ill pa-
tients with COVID-19 [30]. As previously reported, serum IgA regulated
both anti‐inflammatory and pro‐inflammatory activities by crosslinking
of the Fc alpha receptor (FcαRI) of pathogen, such as activating signals
leading to phagocytosis, respiratory burst, increased antigen presenta-
tion, degranulation, and cytokine release [31,32]. A latest study further
found that SARS-CoV-2 specific CD4 T cell level was significant corre-
lated with specific IgA level [33]. Thus, the over-activated IgA response
might cause damaging effects in severe or non-survival COVID-19 pa-
tients and involved in the COVID severity. Additionally, although the
IgA/C3 ratio was considered to be an effective predictor of IgA ne-
phropathy [34], the relationship between elevated IgA levels and C3
depletion in COVID-19 patients remains unclear.

There were several limitations in our study. First, this is a retro-
spective study with a limited sample size. Second, we cannot offer
evidences on the optimal time window for complement inhibitor in-
tervention. Finally, more experiments and large-scale clinical trials on
complement C3 activation are needed in the future.

In summary, low level of complement C3 may be an alert to the
attending that patients may be of additional management. We

anticipated the low C3 was secondary to excessive activation of the
complement pathway and this resulted in the negative sequences in the
lung and was reflected by the declining C3 level. Inhibition of the
complement pathway might be an effective therapeutic to COVID-19
patients.
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